INTRODUCTION 24
Recycled irrigation freshwater is an emerging agroecosystem of growing interest. In 25 recent years, the possibility of growing plants using re-circulated and replenished 26 nutrient solution has been increasingly investigated worldwide (Garland, 1994; 27 Zhang and Tu, 2000; Alsanius et al., 2001; Postma et al., 2001; Frenkel et al., 2010) . 28
It has been demonstrated that the same yields can be obtained in closed systems 29 (where surplus solution is recovered, replenished, and recycled) as compared to 30 open systems (once the nutrient solution is delivered to the plant roots, it is not 31 reused) (Jensen, 1997) , as long as good hygienic and environmental conditions are 32 maintained (Gertsson et al., 1994) . The use of recycled irrigation freshwater can 33 effectively reduce water usage and mitigate nutrient runoff from nursery production 34 sites. However, serious concerns exist regarding the spread of phytopathogenic 35 microorganisms via the recycled water (Waechter-Kristensen et al., 1997; Pagliaccia 36 et al., 2008) . 37
Irrigation freshwater can be recycled with nutrient film technique (NFT). NFT is a 38 simple and cost effective method for growing plants, where roots are emerged in a 39 continuous flow of re-circulating water containing all the nutrients that plants need. A 40 root mat develops partly in the shallow stream of re-circulating water and partly 41 7 was prepared with a 2 m Terrain PVC pipe of 20 cm diameter mounted vertically. 148
The bottom of the filter was filled with a 30 cm depth of gravel. The column consisted 149 of a sand bed of 1 m, headed with 60 cm of empty space. The latter space was 150 occupied by excess water during runs. The water flow through the column was 151 gravity assisted (speed of water through the column of sand was 0.15 meters per 152 hour) with an outflow of water regulated at a speed of 4 L/h by a valve. An overflow 153 pipe was used to maintain a constant water level above the sand column. The sand 154 ratio consisted of different grain diameters of which 10% was > 1mm, 10% < 0.2mm, 155 and 80% between 0.2mm and 1mm. This composition is considered the most 156 effective to encourage the interaction between microorganisms and water, and allow 157 the water to flow through the sand without being mechanically stopped (Pettitt, 158 2005 ). This experimental design determined half of the irrigation freshwater to be 159 pumped to the top of the channels of the NFT-Type system, and the other half sent 160 to the top of the column of the sand filter for biofiltration. Additional samples of sand 161
were collected for molecular tests. These were collected via 'sampling ports' installed 162 in the column (Fig.1) To the recovered supernatant, 0.1% (w/v) of sodium dodecyl sulphate (SDS) were 182 added, and the sample was homogenised and placed on ice for 10 min. Seven 183 hundred μ l of phenol:chloroform:isoamyl alcohol (25:24:1) were added, followed by 184 centrifugation at 5 000 x g for 15 min. The aqueous phase was recovered, and the 185 DNA was precipitated with 1.5 volume of isopropanol, and 0.1 volume of 0.5 M NaCl. 186
The mixture was incubated overnight at -20°C. After incubation, a centrifugation step 187 was carried out at 10 000 x g for 10 min, and the pellet was washed twice with 300 μ l 188 of 70% ethanol. DNA was finally eluted in 30 μ l of sterile water. The DNA was further 189 purified by polyvinylpyrrolidone (PVPP) cleanup method (Menking et al., 1999) . One 190 hundred mg of PVPP were added to a sterile spin column in a 1.5 ml tube. The 191 column was washed twice with 300 μ l of sterile water and centrifuged at 1 000 x g for 192 2 min. After washing, eluted DNA was added to the column and centrifuged at 1 000 193 When PCR reactions were performed for T-RFLP, the reverse primer was 207 fluorescently labelled with a Beckman dye at the 5'-end: for 16S rRNA, the primer 208 926rev was labelled with D3 (D3-926rev), and for 23S rRNA the primer 23Srev was 209 labelled with D4 (D4-23Srev). All the fluorescent dyes are Beckman dyes provided 210 by Sigma Proligo (Sigma-Aldrich). PCR products for T-RFLP were digested with two 211 restriction enzymes (described below) to produce Terminal-Restriction Fragments 212
(T-RFs) for each amplicon generated by PCR amplification. The combination of pairs 213 of T-RFs was used for the identification of microorganisms. 214
Restriction digestion. Ten µl of PCR product were digested in two separate 215 reactions for each of the two restriction enzymes MseI and HaeIII (New England 216 Biolabs, Hitchin, UK) in a 20 µl reaction volume containing 1U of restriction enzyme 217 according to the manufacturer's protocols. The digestion mix was incubated at 37°C 218 for 2 hours, followed by enzyme denaturation by heating at 80°C for 20 min. were used in combination for the trimming, alignment and clustering of the 307 pyrosequencing reads. The statistical and graphics software package R (www.r-308 project.org) was used to generate rarefaction curves, and the software EstimateS 309 (Colwell, 2006) to produce diversity indices. In addition, diversity measures were 310 used to compare the two datasets obtained with T-RFLP and pyrosequencing (Table  311   5 on T-RFLP datasets (Table 2) was performed on the hypervariable V6 region of the 16S rRNA. A total of 332 608 365 DNA reads were obtained by 454 pyrosequencing (Table 3) . Of those, 291 442 366 (87.6%) passed the quality filter check, with an average length of 211 bp. DNA reads 367 were further analysed with the RDP pyrosequencing pipeline and mothur. 368
For the description of the communities, trimmed sequences were clustered into 369 groups of defined sequence variation that ranged from unique sequences (no 370 variation) to 10% differences by mothur. These clusters were then used to plot OTUs 371 versus the number of tags for generating rarefaction curves (data not shown) and for 372 obtaining richness estimators such as the abundance-coverage estimator (ACE) and 373
Chao1. These indices showed that the species diversity estimation was of the third 374 order of magnitude. At 97% similarity, Chao1 predicted that the maximum number of 375
OTUs was between 11 016 and 15 100 for Water ssf, 4 530 and 17 369 for Water co 376 and 7 271 to 16 126 for sand of the top layer (Sand top) (Table 4) . 377 ACE and Chao1 constantly estimated a number of OTUs higher than those that were 378 effectively obtained, suggesting that sampling represented a limitation for the 379 identification of the total number of species. (Table 5 ). These two indicators were always lower for T-RFLP data. 435
Nonetheless, T-RFLP provided reliable information about major groups of bacteria 436
and their patterns of relative abundances. 16S rRNA T-RFLP detected the increase 437 of Pseudomonas sp., Cellvibrio sp. and Nitrosospira sp. and the decrease of 438 irrigation freshwater was triggered by the activity of the slow sand filter (SSF). The 447 bioactive layer of the SSF, the schmutzdecke, affects the BCC of recycled irrigation 448 freshwater. Specifically, phylogenetic affiliation of DNA reads revealed that the most 449 affected classes of bacteria were Bacilli, Alpha-and Gammaproteobacteria, and 450
Nitrospira. In addition, a larger diversity of bacteria was detected in recycled 451 irrigation freshwater filtered with the SSF (Water ssf), as compared to control 452 recycled irrigation freshwater (Water co): after 28 days of a NFT-type experiment, 453 pyrosequencing data detected 45 taxa in Water ssf, against 26 in Water co. In 454 addition, plant growth was enhanced when recycled irrigation freshwater was filtered 455 with the SSF (Fig. 2) . The activity of the schmutzdecke has been previously reported 456 to be able to affect the BBC ( The integration of fingerprinting and next generation sequencing provided the 512 identification of microorganisms in recycled irrigation water. In this work, T-RFLP 513 was developed for detecting microorganisms in water, using experimental tests to 514 estimate the reliability and sensitivity of the method. These procedures showed that 515 bacteria inoculated in sterile water are detected when their concentration is above 516 the threshold of 10 3 cells ml -1 , and that an identical T-RFLP profile is obtained from 517 overlaid T-RFLP profiles of single bacterial colonies, after DNA isolation/PCR/T-518 RFLP procedures, only when the concentration of cells in freshwater is at least of 10 6 519 ml -1 (data not shown). At this concentration, T-RFLP is reliable and able to estimate 520 relative amount of single species. T-RFLP has the advantage of being a rapid and 521 reliable method that, at affordable prices, provides an overview of the system 522 nonetheless. Another advantage of T-RFLP is that it provides datasets that can used 523 to test complex hypotheses with multivariate statistics, which remains extremely 524 useful when comparing different environments. In addition, this method showed 525 complementarity with pyrosequencing results. Other authors (Jakobsson et al., 2010) The analysis of pyrosequencing data produced useful species richness estimators 531 that facilitated the ecosystem characterization. For example, Chao1 (Chao et al., 532 2006 ) was used to predict the species diversity of recycled irrigation water. This 533 estimation, on average, showed that 50 ml contained around 10 000 OTUs at 97% 534 similarity, going down to around 5 000 OTUs at 90% similarity. Other authors have 535 previously estimated this diversity: Berkelmann et al. (1994) showed that the nutrient 536 solution of a hydroponic system with rockwool as substrate, can contain up to 10 5 -537 10 6 colony-forming units (CFU) ml -1 after 20 hours from planting tomato plants. Other 538 attempts to estimate richness have mainly focused on other matrices rather than 539 water. For example, using 1 gram of soil as the unit, the estimation of OTUs is 540 considered to be between 2 000 and 5 000 (Schloss and Handelsman, 2005), and 541 the number of distinct genomes, based on DNA reassociation kinetics, between 2 542 microorganisms have the potential to determine only dominant populations, and tend 545 to mask the detection of low-abundance species (Sogin et al., 2006) . The large 546 number of highly diverse, low-abundance species in an ecosystem constitutes a rare 547 'biosphere' that is largely unexplored. Recent developments in high throughput 548 molecular methods are beginning to provide deep insights into a wide range of 549 ecosystems, supplying information on microorganisms and their roles in the 550 environment. 551
In conclusion, this study shows that the BCC of recycled irrigation freshwater is a 552 diverse ecosystem, and supports the finding of Berkelmann et al. (1994) , for which 553 irrigation freshwater should be carefully preserved in order to avoid the colonisation 554 of available ecological niches by single species and/or dangerous pathogens. In 555 addition, in this study the use of a SSF showed that the BCC of irrigation freshwater 556 can be altered by biofiltration, and that this had positive effect on plant growth. The 557 use of fingerprinting methods such as T-RFLP provided useful information on the 558 dynamics of bacterial populations in freshwater, and allowed rapid and inexpensive 559 monitoring of the microflora. A consistant monitoring of recycled irrigation freshwater, 560 however, remains of extremely importance, in order to avoid the intrusion of 561 allochthonous microorganisms that can occur anytime in the distribution path of a 562 hydroponic system (Hong and Moorman, 2005) . Also, when dealing with closed 563 hydroponic systems, this aspect becomes even more important: the invasion of 564 external species has the potential of spreading to the entire crop, assuming that the 565 environmental conditions are favourable for the pathogen. Table 3 Data summary of total reads from pyrosequencing data. "Trimmed reads" 807 represent the number of DNA sequences longer than 50bp that were kept after 808 quality filtering. "Unique reads" represent the number of distinct sequences within a 809 set of Trimmed reads 810 811 Sample ID Total reads
